Increased concentrations of Anti-Muellerian hormone (AMH) can indicate a granulosa cell tumour as shown in women, mares and cows. To investigate AMH to differentiate canine granulosa cell tumour from other ovarian pathologies, we evaluated the ovaries of 63 bitches. Blood serum samples were collected before surgery for AMH analysis.
| INTRODUC TI ON
In the bitch several types of ovarian cysts and ovarian tumours are described. Ovarian cysts derive from different ovarian structures and can be divided into subsurface cysts, follicular cysts, luteinized cysts or cystic corpus luteum (Arlt & Haimerl, 2016; MacLachlan, 1987) . Primary ovarian tumours can be classified in epithelial, germ cell and sex cord stromal tumours (Arlt & Haimerl, 2016; MacLachlan, 1987) . In the bitch epithelial tumours like adenomas or adenocarcinomas and sex cord stromal tumours like granulosa cell tumours (GCT) occur most often (Nielsen, Misdrop, & McEntee, 1976) . Clinical symptoms of ovarian alterations are often vague and non-specific, and ovarian tumours have been described even in clinically healthy bitches (Maya-Pulgarin, Gonzalez-Dominguez, Aranzazu-Taborda, Mendoza, & Maldonado-Estrada, 2017) . In cases of hormonally active ovarian alterations, especially follicular cysts and GCT (granulosa cell tumour), changes of the oestrous cycle like prolonged oestrous signs or irregular inter-oestrous intervals are described and may lead to pathological changes in the uterus, e.g. cystic endometrial hyperplasia -pyometra complex (Johnston, Kustritz, & Olson, 2001; Knauf, Bostedt, Failing, Knauf, & Wehrend, 2014) . Follicular cysts are the predominant finding in canine ovarian cyst syndrome, which can be divided into oligocystic syndrome with accompanied corpora lutea and polycystic syndrome without ovulation (Bostedt, Jung, Wehrend, & Boryzcko, 2013) . Other clinical symptoms like inappetence, lethargy, pain, abdominal distension or abdominal effusion are described in bitches with ovarian tumours (Bertazzolo, Bonfanti, Mazzotti, & Gelain, 2012; Diez-Bru et al., 1998; Gorman, Bildfell, & Seguin, 2010; Robinson, Manivel, & Olson, 2013) . Ultrasound examination can help to identify changes in the ovarian structure (DiezBru et al., 1998) , but for a definite diagnosis a pathohistological examination is required. Therefore, ovariectomy is the treatment of choice and ovariohysterectomy is indicated in bitches with uterine alterations (McEntee, 2002) . In cases where only one ovary is affected, unilateral ovariectomy and cystectomy have been described (Stratmann & Wehrend, 2007) . In bitches with follicular cysts, hormonal treatments with hCG or GnRH analogues can be performed taking the risk of inducing pyometra or being unsuccessful (Johnston et al., 2001 ).
Anti-Muellerian Hormone (AMH), a glycoprotein and a member of the transforming growth factor-β superfamily, is secreted in the Sertoli cells of the foetal and neonatal testes in mammals (Cate et al., 1986) . Its main function is suppression of the Muellerian (paramesonephric) ducts during embryogenesis in males (Jost, 1953) . After puberty, AMH (Anti-Muellerian hormone) is still produced by Sertoli cells in males, but in lower amounts, and also by granulosa cells of small preantral follicles in females (Monniaux et al., 2008; Vigier, Picard, Tran, Legeai, & Josso, 1984) . It has been shown that bitches have significantly higher AMH values during ovarian follicular growth at the transition period from anoestrus to prooestrus (Nagashima, Hansen, Songsasen, Travis, & Place, 2016) . Because of its gonadal origin AMH can be used to determine the castration status and helps to identify ovarian remnant syndrome (Place et al., 2011; Turna Yilmaz, Toydemir, Kirsan, Ucmak, & Karacam, 2015) . In addition, AMH is described as a biomarker for Sertoli cell tumours in dogs like in men and for GCT in women, mares and cows (Ball et al., 2008; El-Sheikh Ali et al., 2013; Holst & Dreimanis, 2015; Rey et al., 2000) . From human medicine it is known, that AMH is also influenced by other ovarian diseases, like the polycystic ovarian syndrome (Hagen et al., 2015) . Studies in cows indicated, that AMH cannot be used to distinguish large follicles from follicular cysts, because in both cases only low AMH concentrations were measured (El-Sheikh Ali et al., 2013; Monniaux et al., 2008) .
The aim of our study was to determine if the blood serum AMH concentration can be used to differentiate GCT from other ovarian neoplasms and from ovarian cysts and if AMH can help to diagnose a GCT clinically in the bitch.
| MATERIAL S AND ME THODS
A total of 63 bitches (32 breeds and seven mixed breeds, 1-15 years of age, Table 1 ) were included in the study. Thirty-three of them were presented to our clinic and thirty bitches were presented to various private veterinarians from 2015 to 2016.
Four animals were presented for routine ovariectomy, and 10 were spayed at the time of mastectomy. Thirty-six dogs were presented for cystic endometrial hyperplasia-pyometra complex, 10 because of an abdominal mass and three because of irregular oestrous cycles.
Ultrasound examination of the ovaries were performed in 31 bitches. In 14 cases, ultrasound examination was performed because of an expected metropathy, in 10 because of clinical signs due to an abdominal mass, in four for clinical tumour staging and in three bitches because of alterations of the oestrous cycle. Blood samples from all dogs were collected for pre-surgery screening. Blood was centrifuged, the serum was stored at −18°C until analysis of AMH.
After surgery, ovaries were collected, fixed in 4% formalin and submitted for histopathological examination.
Owner consent was obtained for AMH determination.
Pathohistological examination was routinely performed.
| Anti-Muellerian hormone analysis
Serum samples were sent cooled to a commercial laboratory (Laboklin GmbH & Co. KG, Bad Kissingen, Germany) and analysed within 1 week after collection.
The serum concentration of AMH was determined using a chemiluminescence immune assay for AMH (Laboklin, Bad Kissingen, Germany) which was validated for dog serum samples. The minimal detectable concentration of AMH is 10 pg/ml. The maximal detectable concentration of AMH is 23 ng/ml. The test has an intra-assay coefficient of variation of 1.2% and an inter-assay coefficient of variation of 6.9%.
| Histopathological examination
The ovaries were measured and inspected grossly in detail with focus on size, cut surface, and colour. Ovaries were cut in two or more slices and representative sites were embedded. Material was embedded in paraffin according to standard procedures, sectioned at 3-4 μm and stained with haemalaun and eosin (HE). Tumours were diagnosed according to the current WHO tumour classification (Kennedy et al., 1998) . Ovarian cysts were defined as follows: (Rehm, Dinesh, & Williams, 2007) .
| Statistical analysis
Statistical analysis was performed with the software MedCalc 17.8.5 (MedCalc Software bvba, Ostend; Belgium). The distribution of the collected quantitative data followed no normal distribution. TA B L E 1 (Continued) (Continues) we calculated the optimal cut-off by ROC curve analysis. To determine the relation of the size of the GCT and the AMH concentration the correlation coefficient Kental's tau was estimated. As significance level we choose a probability (p) <.05.
| RE SULTS
The classification of the bitches was carried out by means of the most severe ovarian alteration detected during pathohistological examination. The clinical findings which were the reason for spaying are shown in Table 1 . In 23 of 31 bitches undergoing ultrasound examination, alterations of the ovarian structure were identified. In eight cases the ultrasonography appearance and the size of the ovaries were normal, but among these dogs six had ovarian alterations revealed by pathohistological examination with a diameters from 0.2 cm to 0.6 cm. One had a follicular cyst, two a corpora lutea cysts, two a carcinoma and one an adenoma.
The AMH results of the different groups are summarized in Figure 1 .
In 14 bitches (Table 1 no. 1-14), the ovaries (median diameter:
1.5 cm) were without any pathological finding. These animals are referred to as controls. The age of these bitches ranged from 1 to 10 years (mean 7.1 years). The main functional structures of the ovaries were corpora lutea. The AMH values ranged from 0.12 to 0.99 ng/ml (median 0.32 ng/ml).
Cystic ovaries were found in 20 dogs (Table 1 no. 15-34), the ovaries showed one or more cysts (0.2 up to 5.0 cm, median diameters: 1.0 cm) (Figure 2 ). The age of these bitches ranged from 1 to 15 years (mean 8.25 years). In total there were eight follicular cysts, seven corpora lutea cysts and five subsurface cysts.
The main further functional structures of the ovaries were corpora lutea and follicles. The AMH values in the bitches with follicular cysts ranged from 0.11 to 2.09 ng/ml (median 0.27 ng/ml), in bitches with corpora lutea cysts from 0.16 to 0.72 (median 0.57) and in bitches with subsurface cysts from 0.2 to 0.54 ng/ml (median 0.32 ng/ml).
Ovarian tumours were found in 29 bitches by pathohistological examination. The age of these bitches ranged from 2 to 15 years (mean 8.6 years).
Nine dogs had a granulosa cell tumour ( Granulosa cell tumours were of different size (0.3-15.0 cm) and the cut surface was mostly white-brown and solid, firm or smooth.
However, in the Landseer (no. 40) and in the mixed breed dog (no.39) the tumours showed multicystic structure in ultrasound ( Figure 3) and cut surface (Figure 4 ). In the English bulldog (no. 37), a normal kidney was embedded in a large solid GCT with a white-yellow cut surface.
Histopathologically, all GCT were characterized by neoplastic slender to polygonal granulosa cells (Sertoli-cell-like morphology)
No.
Breed, age (y)
Reason for spaying The AMH values of 5 out of 9 bitches were ≥23.0 ng/ml (no. 35-43) which is the highest standard point in this study.
Epithelial ovarian tumours i.e., adenomas and carcinomas, derived from the surface epithelium or from the rete ovarii. Affected ovaries were 1.2-17.0 cm in size (median: 2.5 cm) and the cut surface was mostly brown and solid or cystic and smooth.
Histopathologically, adenomas were characterized by tall to polygonal, well-differentiated epithelial cells which were growing mostly papilliform and cystic. There were no atypias, very few mitoses and expansive growth.
In carcinomas, papilliform or solid areas were seen. Cells showed irregular multilayered growth and signs of malignancy as pleomorphism, nuclear atypia and 0-2 mitoses/HPF were present. Vascular invasion was not seen, but infiltrative growth and neoplastic cells detaching from the ovarian surface (mainly in papilliform types) were obvious.
The AMH values of bitches with ovarian adenomas ranged from 0.21 to 0.89 ng/ml (median 0.4 ng/ml) and of bitches with ovarian carcinomas from 0.18 to 1.18 ng/ml (median 0.63 ng/ml).
Dysgerminomas derive from oogonia. Affected ovaries were 3.5-6.5 cm in size (median: 5.0 cm) and the cut surface was mostly brown and solid and firm.
Histopathologically, the ovarian structure was completely de- In our study, the size of the GCT correlated significantly positive with the AMH value (p < .041). This correlation has also been reported in cows (El-Sheikh Ali et al., 2013) .
For AMH determination we used a human-specific ELISA test validated for dog serum comparable to the studies of Place et al. (2011) and Nagashima et al. (2016) , who examined AMH for determining the reproductive status and the AMH values of bitches during the period from late anoestrus to pro-oestrus, respectively. Other authors used a canine-specific ELISA tests and measured much higher AMH values in bitches (Hollinshead, Walker, & Hanlon, 2017; Turna Yilmaz et al., 2015) . Bitches without pathological findings of the ovaries in the present study had AMH values from 0.12 to 0.99 ng/ml, which is in the range of intact bitches older than 6 months described by Place et al. (2011) and Nagashima et al. (2016) .
Granulosa cell tumour is one of the most often described ovarian tumour in the bitch, which not only affects intact bitches, it is also often seen in bitches with ovarian remnant syndrome (Buijtels, Gier, Kooistra, Veldhuis Kroeze, & Okkens, 2010) . Clinical symptoms described in bitches with GCT are mostly induced by hormone production and seldom implicated by the tumour mass, like abdominal distension or ascites (Johnston et al., 2001) . Early diagnosis of GCT by using AMH as an additional tool followed by ovaryectomy could prevent metastasis as well as severe clinical diseases e.g. pyometra, bone marrow hypoplasia associated with hyperoestrogenism. Four out of nine bitches with a GCT in this study were ovariohysterectomized due to pyometra, two because of an abdominal mass and one bitches had prolonged serosanguinous vaginal discharge and a cystic enlarged ovary during Anti-Muellerian hormone measurement can be used to diagnose metastases of a GCT after ovariohysterectomy in women (Lane et al., 1999; Long et al., 2000) . Metastases of GCT are also described in bitches (Hayes & Young, 1978) . Further research has to be done to determine if AMH can also be used in the bitch to diagnose metastases of GCT after ovariohysterectomy.
In the present study, the cut-off of 0.99 ng/ml AMH gives a sensitivity for detection of known GCT of 100% and a specificity of 94.44% for GCT verified by histopathology. These results are comparable to the mare in which a sensitivity of 98% is described (Ball, Almeida, & Conley, 2013) . In women sensitivities of 76% (Lane et al., 1999) and with an ultrasensitive AMH ELISA of 93% with a specificity of 96% have been reported.
Prevalence studies of ovarian pathologies in bitches are scarce. Dow (1960) found an incidence of ovarian lesions of 28.75% increasing with age. The incidence of ovarian findings in our study is very high. One possible reason for this is the preselection of 30 cases with previously diagnosed ovarian pathologies. Another, that we mainly examined older bitches with uteropathies. The high incidence of follicular cysts, epithelial tumours and GCT confirms the results of former studies (Dow, 1960; Hayes & Young, 1978; Norris, Garner, & Taylor, 1970) . Furthermore, the high number of corpus luteum cysts is in contrast with other authors who found no or only less corpus luteum cysts (Akihara et al., 2007; Dow, 1960) . In 36 bitches of this study ovariohysterectomy was performed due to cystic endometrial hyperplasia -pyometra complex. All bitches with follicular cysts and five of seven dogs with corpus luteum cysts were affected by the cystic endometrial hyperplasia -pyometra complex. This circumstance may be a reason for the higher incidence of hormonal active ovarian cysts in our study.
It is described that ovarian lesions can be diagnosed via ultrasound examination (Diez-Bru et al., 1998) . But it is also reported that ovarian alterations can be very small with diameters below 0.5 cm (Knauf et al., 2014) . In the present study a trained radiologist could not identify all ovarian alterations during ultrasound examination.
Eight out of 31 dogs had an unremarkable ultrasound examination, but in six of these bitches small ovarian cysts and tumours with a diameter up to 0.6 cm were identified during histopathology. This result indicates that ultrasound examination is not always a reliable method to exclude small ovarian alterations.
| CON CLUS ION
Markedly elevated serum AMH concentration can be used in the bitch to differentiate GCT from other ovarian pathologies. But slightly elevated serum AMH concentrations may also be induced by other ovarian alterations, especially luteinized follicular cysts.
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